2-Amino-3,4-dimethylimidazo[4,5-f]quinoline (MeIQ) induces cancers in the forestomach and liver, but not in the colon, of CDF1 male and female mice, which are thought to be resistant to induction of colon cancer by 1,2-dimethylhydrazine. In this study, we examined the carcinogenicity of MeIQ in C57BL/6N female mice, which are susceptible to 1,2-dimethylhydrazine. This strain of mice developed carcinomas of the cecum, colon and liver, but not the forestomach, when given a diet containing 300 ppm of MeIQ. This fact indicates that the target organs of a chemical carcinogen change depending on the strain of a given animal species.
Food-borne carcinogens, such as heterocyclic amines (HCAs), are recognized to induce tumors in various organs of experimental animals when administered in the diet. However, the target organs are markedly different between F344 rats and CDF1 mice. Five of 10 mutagenic HCAs induced colon cancer in F344 rats, but none of them induced colon cancer in CDF1 mice.
1, 2) 2-Amino-3,4-dimethylimidazo [4,5- f]-quinoline (MeIQ), an HCA, induced colon, oral cavity, Zymbal gland and mammary gland cancers in female rats, and colon, oral cavity, Zymbal gland and skin cancers in male rats of the F344 strain, 3) while it induced forestomach and liver cancers in female mice of the CDF1 strain, and only forestomach cancers in males. 4) However, we recently found that MeIQ induced, in addition to liver cancers, colon cancers with a significantly high incidence in females of the Big Blue mouse (BBM) which has the lacI transgene, with a genetic background of C57BL/6N.
5) The C57BL/6N mouse is known to be susceptible to 1,2-dimethylhydrazine (DMH)-induced colon carcinogenesis.
6) Therefore, it was considered that HCAs have the potential to induce colon cancers in this strain of mice, and the differences of target organs observed between the rat and the mouse as described above are not necessarily due to species difference. However, BBM harbors the lacI transgene on chromosome 4, 7) and there was a possibility that integration of the transgene had affected colon cancer susceptibility. We therefore wished to know whether HCAs induce colon cancer in mice that have not been artificially modified in genetic composition.
In this study, therefore, the colon carcinogenicity of MeIQ was examined using C57BL/6N female mice to clarify the effect of the genetic background of C57BL/6N per se. Differences in cancer susceptibility, including differences in target organs, are important for extrapolation of animal data to humans.
MATERIALS AND METHODS
Chemical MeIQ was purchased from Nard Institute (Osaka). Animals Female mice of the C57BL/6NCrj strain were obtained from Charles River Japan (Atsugi) at 4 weeks old. After acclimatization at 25°C with a humidity of 55% for 3 weeks, with a diet of CE-2, CLEA (Tokyo), the animals were divided into an experimental and a control group. Each group consisted of 40 animals, and a diet containing 300 ppm of MeIQ was given to the animals of the experimental group. Animals which became moribund were killed and subjected to histological analysis. The experiment was terminated at 92 weeks. Histology All organs were carefully examined for the presence of tumors and then fixed in neutralized formalin at 4°C, embedded in paraffin, processed, and stained with hematoxylin and eosin (H & E). Routine histological analyses were performed on the brain, bone marrow, tongue, salivary glands, esophagus, forestomach and glandular stomach, small and large intestines, ovary, uterus, lung, heart, spleen, skin, pituitary gland, Harderian glands and interscapular brown adipose tissue.
Statistical analyses were performed using the χ 2 test.
RESULTS
The body weight in the experimental group given the MeIQ-containing diet was about 80% of the control during most of the experimental period. At 43 weeks, a mouse in the experimental group died of lymphoma. Survival curves of the experimental and control groups are shown in Fig.  1 . All animals in the experimental group were killed by 85 weeks. All the mice, except two in the experimental group, developed tumors in some organ(s). Cancer incidences in the major target organs are summarized in Table  I . Seventeen of 40 mice developed adenocarcinomas in the large intestine. Among those, five were in the colon, 10 in the cecum and two in the colon and cecum. Histologically, five of the colon cancers were tubular adenocarcinomas and the remaining two were mucinous adenocarcinomas (Fig. 2) .
Fibrosarcomas were detected in the liver of 68% of the MeIQ-group mice, though the incidence was also high in the control group (23%), as reported previously. 8) Hepatocellular adenomas and carcinomas were observed only in the MeIQ group, with incidences of 20% and 25%, respectively. All of the hepatocellular carcinomas were of the well differentiated type. Lymphomas were more frequently observed in the control group than in the experimental group. This lower incidence in the experimental group might be due to the shorter survival in the experimental group.
One stomach adenocarcinoma and two gall bladder adenomas were observed in the experimental group, and four uterus fibrosarcomas in the control group. 
DISCUSSION
This study clearly demonstrated that 300 ppm of MeIQ in the diet induced adenocarcinomas of the colon and cecum, and hepatocellular carcinomas in female C57BL/ 6N mice. The target organs of MeIQ in female C57BL/6N were clearly different from those of the male and female CDF1, which developed forestomach squamous cell carcinomas and hepatocellular carcinomas. However, the target organs of the former were the same as those in the BBM female mouse (Table I) .
After treatment with MeIQ, the sum of cancer incidences of various organs in the two strains of mice, C57BL/6N and CDF1, were almost the same, under similar experimental conditions, including the experimental period.
3) As for the CDF1 mouse, the target organs did not change on administration of the 100 ppm MeIQ diet or 400 ppm MeIQ diet; in both cases, hepatocellular carcinomas and forestomach carcinomas developed, although the incidence increased dose-dependently. It is concluded that CDF1 is highly susceptible to developing forestomach squamous cell carcinomas and C57BL/6N to developing large intestinal adenocarcinomas after MeIQ insult. At present, it is not clear what mechanisms are involved in this difference in target organs. However, C57BL/6N is also sensitive to DMH-induced colon carcinogenesis. 6) C57BL/6J, another substrain, developed a large number of intestinal polyps after introduction of the Min allele (Apc gene mutation), 9) owing to low or no expression of the phospholipase A2 secretory type (PLA2g2a). 10) In the C57BL/6N strain, the Pla2g2a gene is also not expressed, in contrast to the high expression levels in CDF1 and its parental strains, BALB/c and DBA (unpublished results, Ochiai, M. et al.) Lack of expression of Pla2g2a may play some role in the MeIQ-induced colon carcinogenesis in C57BL/6N.
There were some differences in incidences of cancers between female mice of C57BL/6N and BBM strains (Table I ). These differences may be due to the transgene integrated into the genome, or genetic changes caused during maintenance in the breeding facilities (Charles River Japan for C57BL/6N and Stratagene (La Jolla, CA) for BBM).
This study clearly demonstrated that the target organs of MeIQ-induced cancer development are markedly different between CDF1 mice and C57BL/6N mice, and such differences in target organs may also arise in many other strains of mice. Thus, our data show that target organs in chemical carcinogenesis depend upon the strains of mice. The possibility therefore arises that the same environmental carcinogen may induce cancers in different organs of different human populations, because humans are genetically heterogeneous. Further, the marked difference in target organs of HCAs-induced cancers previously observed between CDF1 mice and F344 rats might not be simply due to species difference.
It is critically important to clarify the mechanisms that are involved in the differences in target organs for carcinogenesis among different strains and among different species, for extrapolation of animal data to humans.
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